Abstract Successful management of health conditions in older population is determined by strategic involvement of a professional team of careers and by empowering patients and their caregivers to take over a central role and responsibility in the daily management of condition. Identifying, structuring and ranking the most important needs related to these aspects could pave the way for improved strategies in designing systems and technological solutions supporting user empowerment. This paper presents the preliminary results of a study aiming to elicit these needs. Healthcare professionals, working together in the European and Innovation Partnership on Active and Healthy Ageing (EIP-AHA) initiative, have defined a set of needs and factors that have been organized in two hierarchies around the concepts of patient activation and proactive and prepared care team, defined in the Chronic Care Model. The two hierarchies have been mapped, by a team of experts in computer science, with technologies and solutions that could facilitate the achievement of the identified needs.
Introduction
The established health care systems in European and Western countries are well suited to the treatment of acute diseases but are inadequate for dealing with, managing and preventing disabilities, chronic illnesses and frailty states in senior adults [1] . The focus should be rather oriented to long-term management programs that aim at first stabilizing the citizen's health condition and subsequently preventing long-term complications and frailty states. A key task is the adequate coordination and involvement of the necessary care team, as well as the establishment of practice guidance, especially in primary care. From the patient side, an everyday commitment to lifestyle changes, health status monitoring, and adherence to treatment is required [2, 3] . Designing services to support patients in the self-management of long-term therapies is a promising strategy, considering that the lack of information and skills of patients to self-manage their health with motivation and the difficulties to adopt and maintain behavioral changes, appear to be among the main barriers to adherence reported in the literature (WHO 2003) , [4] . This is especially true for the ageing population, where the presence of multiple conditions makes it more challenging for patients to participate effectively in their own care [5] . Few strategies proved effectiveness across all disease, patients and situations [5] . Different methodologies, techniques and technologies exist to empower +65 citizens and patients to be responsible of their health and improve their adherence to plans. Literature in the field can provide useful insights but this information could be complemented by collecting the in situ experience of healthcare professionals coming from different disciplines. The European Innovation Partnership on Active and Healthy Ageing (EIP-AHA, [6] ) initiative represent an opportunity for carrying out such kind of activity. Within this initiative, group of healthcare professionals, active in different regions of the European Commission, is working together to identify which are the most important elements to take into account for 1) empowering elderly citizen, in different diseases and situations, to be activated and 2) establishing productive interactions with a proactive and prepared care team. These two concepts represent the fundament of the Chronic Care Model, a reference healthcare model that has been successfully adopted in different countries and settings [7] . For this study, whose design has been described in [8] , we have created two hierarchies of needs, making use of the Analytic Hierarchy Process [9] , a methodology used for multi-criteria and multi-dimensional decision making. These hierarchies have been iteratively discussed, redefined and validated by 5 healthcare professionals. Then, a technological procedure has been defined to transform the needs composing each hierarchy into a toolkit to be used by system analysts, human computer interaction experts, and developers in the elicitation of the best solution to address a specific problem. The research work described herein reports on the final hierarchies and on a technology mapping done on them. Next steps will be the evaluation of each hierarchy for three different target groups, healthy citizen, chronic patients and patients with dependency, by three groups of responders recruited from the EIP-AHA to rate each need through pairwise comparisons. This will result in a quantitative and qualitative assessment of the needs to be considered for each group and to particularize the mapping accordingly.
Materials and methods
The EIP-AHA The EIP-AHA is the first pilot of the European Innovation Public-Private Partnerships (PPP), proposed in the Europe 2020 Strategy, to tackle innovation barriers for major societal issues. The EIP-AHA aims to identify and remove barriers to innovation for active and healthy ageing, through interdisciplinary and cross-sectorial approaches. The work is structured in three pillars, A: Prevention, screening and early diagnosis; B: Care and cure and C: active ageing and independent living. Under pillar A, Action on BPrescription and adherence action at regional level^, the Action Group A1 on BAdherence to treatment^brings together partners representing more than 60 multi-stakeholder commitments from national, regional and local authorities, research centers, academia, industry, enterprises and existing consortiums across the EU. This group is working in four thematic areas: adherence, polypharmacy, research methodologies and user empowerment. The work described here is part of a set of Collaborative Works carried out in the user empowerment area.
Patient activation and proactive interactions and the AHP
The Chronic Care Model (CCM) emphasizes patient-oriented care such as proactive management of health and collaboration, with patients and families integrated as members of the care team. Two critical elements of this model are: 1) BAn activated patient is a person who has the confidence and skills to engage in a process of shared decision making and take a proactive role in the management of his/her own health^. 2) BProductive Interactions aim at improving patient outcomes by a) reviewing data related with patients' perspectives and critical information about the management of the condition; b) help patients to set goals and solve problems for improved self-management; c) apply clinical and behavioural interventions; d) ensure continuous follow-up^ [7] . We are using the Analytic Hierarchy Process (AHP) [9] to elicit requirements about the most important needs and interventions to have an ACTIVATED PATIENT and a PROACTIVE and PREPARED CARE TEAM. The AHP provides a framework for structuring a decision problem, for representing and quantifying its elements, for relating those elements to overall goals. Users of the AHP first decompose their decision problem into a hierarchy of more easily comprehended sub-problems. Once the hierarchy is built, the decision makers evaluate its elements by performing pairwise comparisons. This method has proven to be effective in medical decision-making and in user requirements [10] [11] [12] . In the case of ACTIVATION we took, as a starting point, the main categories related with Patient Activation Measure instrument, described in [13] , to create a hierarchy around the concepts of: 1) Belief, 2) Knowledge and Confidence, 3) Taking Action and 4) Maintaining Behaviours. In the case of PROACTIVE and PREPARED CARE TEAM, the tree of needs has been created by the experts, starting from the definition given by the CCM. The trees have been analyzed and completed by three couple of experts (from primary care, regional public health authority and geriatric secondary care units), analyzing them separately for 1) Healthy Subjects, 2) Chronic Patients and 3) Patients with Dependency.
Thanks to the AHP it is possible to find the underlining structure that decompose the concepts of patient activation and proactive and prepared care team.
Technology extraction procedure (ReKAT)
The resulting two hierarchies, have been processed to define a technological framework that can be used as a reference to implement technological solutions supporting citizen activation and fostering care team productivity. End-users of this methodology are system designers, analysts or developers that may not have previous knowledge about medicine, or healthcare management, or health in general.
To them, a hierarchy of needs can be analyzed as an unordered tree data structure with depth N, X nodes and Y leaves.
The root node represents the main goal/problem one wants to reach/solve. The node at depth 1 represents the main factors or needs to be considered for that goal/problem. For a particular need X, it could be difficult to understand which technologies could be selected to support that need. In that case, the technological team can analyse the definition of the need through its leaves.
For instance, the technological team, experienced difficulties in analyzing the BELIEF node 1 of the Activation Goal. The definition of this need can be inferred through the leaves, 1.1, 1.2 and 1.3: BIn order to reach citizen Activation (root node): patients should be RESPONSIBLE for managing their conditions; health is at Bpatient's hands^and health professionals are a support, not the main actors; taking an ACTIVE ROLE determines health and functional ability^.
The team agreed that it was better to transform the concept of BELIEF into EDUCATION: improving BELIEFS through technology is equivalent to improve EDUCATION and knowledge about one own condition.
A variety of technological actions can be used to improve EDUCATION, for instance, learning through online platforms; access to contents such as video, e-books, documentaries; provide easy and accessible information; involving patient in fora. All these actions are related to technologies like: web, multimedia contents, games, accessibility, social network, etc.
Following this approach it is possible to extract a set of concrete technologies that can be applied to each concept.
This procedure, created for this purpose and formalized in Fig. 1 
, allows to map a set of technologies with all the BFACTORS TO TAKE INTO ACCOUNT FOR HAVING A PROACTIVE AND PREPARED CARE TEAM, IN O R D E R T O E S T A B L I S H P R O D U C T I V E INTERACTIONS WITH +65 CITIZENS/PATIENTS^.

Study design
The study has been organized in two phases: gies by a group of 3 system designers (one system analyst, one human computer interaction expert, one system developer), by using the ReKAT procedure. 2. Phase 2: hierarchies are ranked and the technological framework is built.
a) Each need and factor of the two hierarchies is ranked by a group of experts (n=20+20+20) in 3 Areas: 1) citizens, 2) chronic patients and 3) patients with dependency b) Results are analysed and discussed with the domain experts. c) The technological Framework is defined and particularized for each of the 3 areas, according to the ranked needs and priorities. 
Results and discussions
The results described here are related with the finalization of phase 1.
Final hierarchies
The experts were five senior clinicians working in a variety of clinical specializations and departments of European healthcare institutions: two nurses specialized in patient activation in the Basque Country region, Spain, one medical doctor specialized in medical and health professional education from the Murcia region, Spain, one nurse specialized in gerontology and one medical doctor and head of department in gerontology from the Cork County, Ireland. Two biomedical engineers, authors of this paper, acted as facilitator (GF) and AHP expert (LP).
The preliminary hierarchies have been presented in [8] . After two rounds of iterations, the final hierarchies have been defined, they are presented in Figs. 2 and 3 .
In the case of PATIENT ACTIVATION, 12 needs, organized into four meaningful categories (BELIEF, BEING CONFIDEND AND INFORMED, BEING PROACTIVE, MAINTANING LIFESTYLE CHANGES) have been identified. It was also decided to further develop the definition of 6 of 12 needs, into subcategories, because these concepts needed a more precise specification, in order to avoid lack of clarity.
In the case of the PROACTIVE AND PREPARED team hierarchy, after a first iteration, it was decided to have a hierarchy organized in two levels instead of three. So, as a first difference, the concept of PATIENT ACTIVATION is more structured than this one. The hierarchy is composed of 13 needs organized in four categories (DATA REVIEW, INTERVENTION, SOLVING 
Technological framework
A team of three senior experts in computer science, one system developer (EG, author of this paper), one system analyst and one system designer, expert in human computer interactions was involved to elicit technological solution to support the realization of the needs of the hierarchies. During the iteration and the usage of the ReKAT procedure, they interacted with the facilitator to agree on the preliminary results inferred, if they matched with what the clinical experts defined.
The technology mapping for the concept of Activation is presented in Fig. 4 , while the one for the care team is presented in Fig. 5 .
The ReKAT procedure allows to perform a qualitative analysis of the technical aspects, agreed by the technical team, that are needed to implement the model. This way, it is possible to have a consolidated view of the technological solutions that can be used to support the achievement of a particular need.
It is important to highlight that the identified technologies do not represent a complete list of all the possible technologies supporting a particular need or specification, they rather reflect an agreement among a technical team working together. The adoption of the AHP is for this kind of situations, that is, to help decision makers in reaching consensus.
By means of AHP is possible to define the ReKAT procedure, that is a qualitative and abstract procedure for the definition of a technical proposal for the implementation of PATIENT ACTIVATION and PROACTIVE AND PREPARED CARE TEAM focused on the CCM. This procedure does not need more than technical skills. 
Conclusions
This work has described two hierarchies of needs to be taken into account for empowering elderly people to take care of their health. The hierarchies have been defined around the concepts of patient activation and proactive and prepared care team, as established in the Chronic Care Model. The AHP effectively supported user need elicitation, helping to develop an analytic and intelligible framework of decision-making.
Sharing and iterating have helped experts to elicit and identify user needs. Each iteration adds important needs, simplicity and clarity. This structure can then be used by computer science experts in extracting requirement and selecting technologies, without the need of interacting with healthcare professionals.
The needs of the two hierarchies will be ranked in the next phase of the AHP by three group of experts for three target groups, healthy, chronic and dependent patients.
The priorities will be used to have a matrix of weighted technologies to support whoever in the creation of tools to have an activated population.
